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ABSTRACT
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Deprotonation of 2-hydroxycyclooctanone followed by exposure to an allylic or benzylic halide proceeds very selectively to give the product
of C-alkylation. The effect of A®S-unsaturation is to promote instead the formation of the O-alkylated derivative. This crossover in kinetic
preference is attributed to an inability of the olefinic system to attain a conformation conducive to proton abstraction at C-2.

As a result of the application of several physical methods which remote asymmetric induction can be realized with
including NMR analysig,X-ray diffraction? and molecular ~ cyclic ketones of this classThe two z-surfaces in the
mechanics calculatiorffunctionalized eight-membered-ring  enolate ionl~ and in enones are sterically very different.
compounds are recognized to adopt essentially homogeneou3he conformational bias provided by the resident methyl
conformations in their ground stat@he controlling features  substituent is presumably sufficient to guarantee the pre-
include the minimization of angular strain, eclipsing interac- dominant generation of diastereomeric dimethyl products by

tions, and nonbonded transannular repul8itncombination, reagent capture from the less hindered direction.
these effects are influential in exerting profound conse-
guences on the stereochemical course of reactions involving HyG HeG
cyclooctanoid systems. The conversionlofo 2 and the o LDA; CHl o
addition of lithium dimethylcuprate t8 with generation of —'_60 c
4 constitute two examples of the level of effectiveness with CHs
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stenc energy = 21.1 kcal/mol steric energy = 22.5 kcal/mol steric energy = 23.2 kcal/mol
0=C-C-H dihedral angle = 106.7" Q=C-C-H dihedral angle = 164.7" 0=C-C-H dihedral angle =12.3°

Figure 1. The three lowest energy conformations5of

The experiments reported here demonstrate that pro- The consequences of introducing an unsaturated linkage
nounced regioselectivity differences can accompany theas in6 on the prevailing conformational topology is quite
crossover from saturated to transannularly unsaturated eightdramatic (Figure 2). The lowest energy conformation can
memberedo-ketols exemplified by and 6. As shown in expectedly be traced to the hydrogen-bonded strudiure

Intimately associated with the structural featuredois a

OH OH O=C—-C—H dihedral angle of 164.0°. LikB, a-deproto-

C); Q nation from this arrangement is improbable since E&n
© © enolate would likely materialize. The dispositions of the

5 6 o-proton in structure& andF are similarly nonconducive

to enolate formation in light of the dihedral angles involved
Figure 1, 2-hydroxycyclooctanong)(can adopt three low-  (168.2°and —46.0°).
energy conformations as gauged by MM3 calculatio6s. We rationalizedA—F to reflect an unparalleled ability of
these, the energy minimum possesses the hydrogen-bonde8l to experienceC-alkylation when deprotonated with a
arrangemenA (21.1 kcal/mol). When viewed via a modified  suitable base and exposed subsequently to an electrophilic
Newman projection down the carbonyl—carbinol bond, the halide. We considered it reasonable to assume that the alkali
O=C—C—H dihedral angle is seen to be 10%.@ value metal ion from the base would foster adoption of a
approaching that deemed to be ideal for maximum stereo-conformation akin to that present & where coordination
electronic overlag.Moreover, the abstraction of this proton of M™ to both oxygens is conveniently accessible. At the
would generate a low-energg-enolate’. Release of the  experimental level, treatment &fwith sodium hydride (1.3
hydrogen-bonding constraint leads to conformBr$22.5 equiv) in DMF at—15 °C followed by an allylic or benzylic
kcal/mol) andC (23.2 kcal/mol), both of which are unat- halide resulted in smooth conversion deketols 7 (Table
tractive candidates fax-deprotonation. Thu$ would serve 1). Processing in an entirely comparable manner afforded
as a likely precursor to a highly strainédenolate, andC instead thex-alkoxy ketones (Table 2)? All reported yields
suffers from severe misalignment of the neighboring C—H relate to material purified by chromatography on silica gel
bond. and are not maximized. Control experiments have provided

D E F

steric energy = 13.9 kcal/mol steric energy = 14.7 keal/mol steric energy = 15.8 keal/mol
0=C-C-H dihedral angle = 164.0° 0=C-C-H dihedral angle = 168.2 0=C-C-H dihedral angle = -46.2"

Figure 2. The three lowest energy conformationséof
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Table 1. Alkylation Products fronb

NaH; DMF; CHsR
OH  450r-30 °C; 2
 —— OH
0 RCHoX o
5 7
run no. halide product yield, %
1 CHo = CHCH,Br R = CH=CH, 56
2 /K/\ R = CH=CMe»> 60
Br

3 CgH5CHoBr R =CgHs 42
4 p-MeOCgH4CHoBr R = p-MeOCgHy- 62
5 p-CF3CgH4CHoBr R = p-CF3CgH4- 43
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an indication that neithes nor 6 is completely stable under

OMe

the alkaline conditions applied here. In the absence of alkyl-

ating agent, only 75% @& and 90% of6 could be recovered.
No byproduct was formed at a level sufficient to permit

Table 2. Alkylation Products fronb

OH NaH; DMF;
@ -15 or -30 °C; OCHzR
—_—
o RCH,X o
6 8
run no. halide product yield,%
9 CH, = CHCH,Br R = CH=CH, 61
10 /&’/\ R = CH=CMe, 73
Br
11 CgHsCHLBr R =CgHs 50
12 p-MeOCgH4CH,Br R = p-MeOCgHy4- 70
13 p-CF3CgH4CHoBr R = p-CF3CgHy- 51
Br
14 43
R=
Br
0
OMe ‘
o QT J

OMe
: 9
R =

ing agent is bonded to saturated carbor?jrit is linked to
oxygen in 8. Other differences such as the presence or
absence of the C-2 proton are equally evident. Remark-
ably, in no instance was cross-contamination of products
observed.

possible isolation and characterization. In no instance was Consequently, the conversion of tetrahedral carbon to

evidence gained for the formation of that isomer where
alkylation may have occurred away from tlehydroxyl

trigonal carbon at C-2 i is particularly facile. While enolate
generation may be preceded by ionization of the geminal

group. This impressive regiochemical control may be hydroxyl, subsequent proton transfer from the adjoining-C
traced to the mechanistic features of the process outlinedyond operates smoothly via conformarfor the reasons

above.
The distinction betwee and 8 is readily made on the
basis of'H NMR. While the CH group from the alkylat-
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advanced above. The chelative assimilation of a larger
sodium ion intoA is likely to be accompanied by a more
perfect dihedral angle alignment. On the basis of the
divergent chemical reactivity @, a geometry equivalently
favorable toa-deprotonation is obviously not populated as
readily. The ability of a transannularly disposed double bond
to provide conformational constraints such that adoption of
a different reaction pathway is directly impacted has not been
previously recognized. The consequences of this phenomenon
should be more far-reaching than the series of observations
recorded here.
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